X-ray Temperatures for the EMSS High Redshift Cluster Sample:
  Constraints on Cosmology and the Dark Energy Equation of State by Henry, J. Patrick
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,QVWLWXWHIRU$VWURQRP\8QLYHUVLW\RI+DZDLL:RRGODZQ'ULYH+RQROXOX+,
KHQU\#LIDKDZDLLHGX
5HFHLYHG'HFHPEHUDFFHSWHG0DUFK
$%675$&7
:HPHDVXUH WKH;UD\ WHPSHUDWXUH DQG OXPLQRVLW\ZLWK$6&$RI DOO EXW RQH FOXVWHU LQ WKH(LQVWHLQ
([WHQGHG0HGLXP6HQVLWLYLW\6XUYH\(066KLJKUHGVKLIW]tVDPSOH:HFRPSDUHWKHVHGDWDWRD
FRPSOHWH VDPSOH RI ORZ UHGVKLIW FOXVWHUV WKDW DOVR KDV WHPSHUDWXUH PHDVXUHPHQWV WKHUHE\ SURYLGLQJ
FRVPRORJLFDO FRQVWUDLQWV ,PSURYHPHQWVRYHURXUSUHYLRXVZRUN LQFOXGH $QHQODUJHGKLJK UHGVKLIW
VDPSOH7HPSHUDWXUHVIRUWKHORZUHGVKLIWFRPSDULVRQVDPSOHFRPHIURPWKHVDPHLQVWUXPHQWDVWKH
KLJKUHGVKLIWVDPSOH7KHHOLPLQDWLRQRIWKUHH(066FOXVWHUVZLWKWKHVDPHUHGVKLIWDVWKHWDUJHWLH
QRWWUXO\VHUHQGLSLWRXVDQGDIRXUWKZLWKDQ$6&$IOX[ZHOOEHORZWKHFRPSOHWHQHVVOLPLW8VLQJD
WKHRUHWLFDO FOXVWHU PDVV IXQFWLRQ WKDW PRUH FORVHO\ PDWFKHV 1ERG\ VLPXODWLRQV WKH 6KHWK ± 7RUPDQ
IXQFWLRQ  8VLQJ D FROG GDUN PDWWHU SRZHU VSHFWUXP LQVWHDG RI D SRZHU ODZ  8VLQJ D JHQHUDO
FRVPRORJ\ ZLWK DUELWUDU\ PDWWHU GHQVLW\ DQG FRVPRORJLFDO FRQVWDQW  8VLQJ D FRVPRORJ\ WKDW
JHQHUDOL]HV WKH FRVPRORJLFDO FRQVWDQW WR TXLQWHVVHQFH  ,QFOXGLQJ WKH HIIHFWV RI WHPSHUDWXUH
PHDVXUHPHQWHUURUVDQGVFDWWHULQWKHFOXVWHUOXPLQRVLW\WHPSHUDWXUHUHODWLRQ0DUJLQDOL]LQJRYHUWKH
SRRUO\NQRZQQRUPDOL]DWLRQRIWKHPDVVWHPSHUDWXUHUHODWLRQ
:H ILQG DQ DOORZHG EDQG LQ WKH:P :/ SODQH RI GLIIHUHQW RULHQWDWLRQ WR WKH EDQG RI FRQVWUDLQWV
SURYLGHGE\WKHVXSHUQRYDH,D+XEEOHGLDJUDPDQGWKHFRVPLFPLFURZDYHEDFNJURXQGIOXFWXDWLRQV$OO
WKUHHEDQGVLQWHUVHFWDWWKHVDPHSODFH:P|:/|:HPHDVXUHWKHTXLQWHVVHQFHHTXDWLRQRI
VWDWHSDUDPHWHU WREHZ  r  FRQILGHQFH IRU LQWHUHVWLQJSDUDPHWHU FRQVLVWHQWZLWK
SUHYLRXVO\ GHWHUPLQHG XSSHU OLPLWV :H PHDVXUH WKH QRUPDOL]DWLRQ RI WKH PDVV IOXFWXDWLRQ SRZHU
VSHFWUXP WR EHV   r   FRQILGHQFH IRU  LQWHUHVWLQJ SDUDPHWHUV 6\VWHPDWLF HUURUV DUH
ODUJHUWKDQWKHVWDWLVWLFDOHUURUVRQO\IRUVZLWKRXUVDPSOHWKXVWKHHUURUVIRULWGHSHQGVRQWKHGHWDLOVRI
WKHPDUJLQDOL]DWLRQRYHUWKHWHPSHUDWXUH±PDVVQRUPDOL]DWLRQ
6XEMHFWKHDGLQJVFRVPRORJ\REVHUYDWLRQVJDOD[LHVFOXVWHUVJHQHUDOODUJHVFDOHVWUXFWXUHRIXQLYHUVH
;UD\VJDOD[LHV
,1752'8&7,21
7KHPXFKDQWLFLSDWHG ILUVW UHVXOWV IURP:0$3 KHUDOG WKH HUD RI SUHFLVLRQ FRVPRORJ\ %HQQHWW HW DO
6SHUJHOHWDO6SHUJHOHWDOFRQFOXGHWKHLUSDSHUE\FRPSDULQJWKHFXUUHQWVLWXDWLRQ
LQ FRVPRORJ\ ZLWK WKDW LQ SDUWLFOH SK\VLFV WKLUW\ \HDUV DJR ZKHQ SDUWLFOH SK\VLFLVWV FRQYHUJHG RQ D
VWDQGDUGPRGHO&RVPRORJ\QRZKDVVXFKDVWDQGDUGPRGHOZLWKDVPDOOQXPEHURIUHODWLYHO\SUHFLVHO\
GHWHUPLQHG SDUDPHWHUV WKDW FDQ ILW D ZLGH UDQJH RI GDWD EXW GRHV QRW DQVZHU IXQGDPHQWDO TXHVWLRQV
$PRQJ WKHVHTXHVWLRQVDUH WKHQDWXUHRI WKHGDUNPDWWHU DQGGDUNHQHUJ\3DUWLFOHSK\VLFVGLGQRWHQG
ZLWK WKH HOXFLGDWLRQ RI LWV VWDQGDUG PRGHO DQG QHLWKHU ZLOO FRVPRORJ\ 7KH WDVN QRZ FRQIURQWLQJ
FRVPRORJLVWV LV WR ULJRURXVO\ WHVW WKH VWDQGDUGPRGHO WR ILQG LWV IDLOXUHV WKHUHE\ VHDUFKLQJ IRU WKH QHZ
SK\VLFVWKDWDQVZHUVWKHIXQGDPHQWDOTXHVWLRQV
0HDVXUHPHQWVRIWKHSURSHUWLHVRIFOXVWHUVRIJDOD[LHVDQGWKHHYROXWLRQRIWKHVHSURSHUWLHVFDQSURYLGH
VXFKWHVWVEHFDXVHWKHVHPHDVXUHPHQWV\LHOGVWURQJFRVPRORJLFDOFRQVWUDLQWVWKDWDUHLQGHSHQGHQWRIWKRVH
XVHGWRGHWHUPLQHWKHSDUDPHWHUVRIWKHVWDQGDUGPRGHO7KHUHDUHWKUHHSULQFLSDOFOXVWHUPHDVXUHPHQWV
WKDWKDYHEHHQXVHGIRUWKLVSXUSRVH7KHILUVWLVWKHSRZHUVSHFWUXPRIWKHWKUHHGLPHQVLRQDOGLVWULEXWLRQ
RIFOXVWHUV6FKXHFNHUHWDODDQG6FKXHFNHUHWDOEDUHUHFHQWH[DPSOHV7KHVHFRQGLVWKH
EDU\RQIUDFWLRQDQG LWVHYROXWLRQ$OOHQHWDOD$OOHQ6FKPLGW	%ULGOHE(WWRUL7R]]L	
5RVDWL/LQ0RKU	6WDQIRUGDUHUHFHQWH[DPSOHV7KHWKLUGLVWKHFOXVWHUQXPEHUGHQVLW\
DQG LWV HYROXWLRQ ,NHEH HW DO  5HLSULFK 	 %|KULQJHU  5RVDWL %RUJDQL 	 1RUPDQ 
%DKFDOOHWDO3LHUSDROLHWDO6KLPL]XHWDO9LDQDHWDO9LNKOLQLQHWDOD
DUHUHFHQWH[DPSOHV&XUUHQWVDPSOHVWLJKWO\FRQVWUDLQWKHQRUPDOL]DWLRQRIWKHPDWWHUIOXFWXDWLRQSRZHU
VSHFWUXP SDUDPHWHUL]HG E\V WKH UPV PDVV IOXFWXDWLRQ LQ VSKHUHV RI UDGLXV K
 0SF DQG:P WKH
SUHVHQWUDWLRRIWKHPDVVGHQVLW\RIWKHXQLYHUVHWRWKHFULWLFDOGHQVLW\+HUHKLVWKHSUHVHQWYDOXHRIWKH
+XEEOHSDUDPHWHULQXQLWVRINPV0SF/HVVWLJKWO\FRQVWUDLQHGDUHWKHFRVPRORJLFDOFRQVWDQWRU
GDUN HQHUJ\:/ DQG LWV HTXDWLRQ RI VWDWH SDUDPHWHU Z 1HYHUWKHOHVV WKH FRQVWUDLQWV RQ WKHVH WZR
SDUDPHWHUVDUHFRPSOHPHQWDU\WRWKRVHIURPREVHUYDWLRQVRIVXSHUQRYDHWKHPLFURZDYHEDFNJURXQGDQG
JUDYLWDWLRQDOOHQVLQJSDUWLFXODUO\IRU:/
:HKDYHEHHQXVLQJREVHUYDWLRQVRIWKHFOXVWHUQXPEHUGHQVLW\DVDIXQFWLRQRIWHPSHUDWXUHVWRFRQVWUDLQ
FRVPRORJ\ LQ D VHULHV RI SDSHUV RI LQFUHDVLQJ VRSKLVWLFDWLRQ +HQU\ 	 $UQDXG  KHUHDIWHU +$
DQDO\]HGDORFDOVDPSOHDQGDVVXPHG:P +HQU\DQG+HQU\KHUHDIWHU+DQDO\]HG
ERWKORFDODQGGLVWDQWVDPSOHVWKHUHE\PHDVXULQJHYROXWLRQDQGDVVXPHGHLWKHU:PdDQG:/ RU
:P:/ 7KHSUHVHQWSDSHUEXLOGVRQ+:HH[WHQGWKHKLJKUHGVKLIWVDPSOHWRWKHHQWLUH(066
] t  VDPSOH ZKLFK LV WKH ODUJHVW VDPSOH DW WKHVH UHGVKLIWV ZLWK QHDUO\ FRPSOHWH WHPSHUDWXUH
LQIRUPDWLRQ :H DOVR XVH PHDVXUHPHQWV RI WKH WHPSHUDWXUHV RI DOO WKH ORFDO FOXVWHUV ZLWK WKH VDPH
LQVWUXPHQWXVHGIRUWKHGLVWDQWREMHFWV:HXVHDQDQDO\WLFPDVVIXQFWLRQWKDWSURYLGHVDFORVHUPDWFKWR
QXPHULFDO 1ERG\ VLPXODWLRQV DQG ZH LQFOXGHG WKH HIIHFWV RI WHPSHUDWXUH HUURUV DQG VFDWWHU LQ WKH
OXPLQRVLW\WHPSHUDWXUHUHODWLRQLQRXUDQDO\VLV3HUKDSVWKHPRVWLPSRUWDQWLPSURYHPHQWLVWKHH[WHQVLRQ
RIWKHXQGHUO\LQJWKHRU\WRDZLGHUUHJLRQRISDUDPHWHUVSDFH,QSDUWLFXODUZHGRQRWDVVXPHDQ\WKLQJ
IRUWKHYDOXHVRI:P:/DQGZZLWKLQUHDVRQDEOHERXQGV
2%6(59$7,216
:HZDQW WRPHDVXUH WKH HYROXWLRQ RI FOXVWHU WHPSHUDWXUHV 6LQFH FOXVWHUV DUH QRW FRQVWDQW WHPSHUDWXUH
EDWKVZHPXVWFRQVWUXFWWKHFOXVWHUWHPSHUDWXUHIXQFWLRQLQRUGHUWRFRPSDUHWKHSRSXODWLRQVDWGLIIHUHQW
HSRFKV:HSUHVHQWWKHGDWDDVLQWHJUDOWHPSHUDWXUHIXQFWLRQVQ!N7LHWKHQXPEHURIFOXVWHUVSHUXQLW
YROXPH KRWWHU WKDQ D JLYHQ WHPSHUDWXUH 7KLV IRUP KDV WKH DGYDQWDJH WKDW LW LV QRQSDUDPHWULF DQG
XQELQQHG ,WVPDLQGLVDGYDQWDJH LV WKDWDOOSRLQWVH[FHSW WKHKRWWHVWDUHFRUUHODWHG7KDWPHDQV WKDWQRW
RQO\FDQDQLQGLYLGXDOGDWDSRLQWPRYHZLWKLQLWVHUURUUDQJHEXWDOVRDOOFRROHUGDWDSRLQWVPRYHDORQJ
ZLWKLW7KLVGLVDGYDQWDJHLVQRWWRRVHULRXVZKHQWKHWHPSHUDWXUHHUURUVDUHVPDOOEHFDXVHWKHYHU\VWHHS
GHSHQGHQFHRIQ!N7RQWHPSHUDWXUHLQVXUHVWKDWGDWDHYHQDIDFWRURIWZRGLIIHUHQWLQWHPSHUDWXUHDUH
DOPRVWXQFRUUHODWHG6RPHRIRXUKLJKUHGVKLIWFOXVWHUWHPSHUDWXUHHUURUVDUHQRWVPDOODQGWKLVPDNHVWKH
JUDSKLFDOFRPSDULVRQRIGDWDDQGPRGHOPRUHGLIILFXOW
:HHVWLPDWHWKHLQWHJUDOWHPSHUDWXUHIXQFWLRQDQGLWVHUURUIURP
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ZKHUHWKHVXPLVRYHUDOOFOXVWHUVZLWKN7L!N7QRWZLWKN7LtN7DQG9VHDLLVWKHVHDUFKYROXPHLQZKLFK
WKHLWKFOXVWHUFRXOGKDYHEHHQGHWHFWHG
/RZ5HGVKLIW6DPSOH
7KHORZUHGVKLIWVDPSOHUHPDLQVWKHFOXVWHUVIURP+$:HLPSRVHWKHDGGLWLRQDOUHVWULFWLRQN7!
NH9 EHFDXVH WKH KHDWLQJ RI WKH LQWUDFOXVWHU PHGLXP PD\ QRW EH GRPLQDWHG E\ JUDYLW\ EHORZ WKDW
WHPSHUDWXUH7KLV UHVWULFWLRQ UHPRYHV WKH9LUJRFOXVWHU IURP WKH+$VDPSOH OHDYLQJREMHFWV7KH
DYHUDJHUHGVKLIWLV7KHVHFOXVWHUVZHUHVHOHFWHGRULJLQDOO\IURPWKHHDUO\DOOVN\VXUYH\VPDGHZLWK
QRQLPDJLQJ GHWHFWRUV DXJPHQWHG E\ SRLQWHG REVHUYDWLRQV ZLWK RWKHU QRQLPDJLQJ GHWHFWRUV EXW ZLWK
JUHDWO\ UHGXFHG ILHOGV RI YLHZ $OO EXW WKH &RPD FOXVWHU DUH XQUHVROYHG ZLWK WKHVH LQVWUXPHQWV VR
DFFXUDWHWRWDOIOX[HVDUHDYDLODEOHIRUWKLVVDPSOH&OXVWHUVDUHRIFRXUVHGLIIXVHVRXUFHVVRREWDLQLQJWRWDO
IOX[HVIRUWKHPIURPLPDJHVLVQRWDVLPSOHWDVN,W LVIRUWKLVUHDVRQWKDWZHUHWDLQWKLVSDUWLFXODUORZ
UHGVKLIWVDPSOH
/DUJHUORZUHGVKLIWVDPSOHVDUHDYDLODEOH)RUH[DPSOH,NHEHHWDOKDYHSUHVHQWHGDVDPSOHRI
FOXVWHUVDOOEXWRIZKLFKKDYHPHDVXUHGWHPSHUDWXUHV2XUHQWLUHVDPSOHLVFRQWDLQHGLQWKHLUVEXWPRVW
RIWKHLUVDPSOHFRPHVIURP526$7LPDJLQJDQGVRPHH[WUDSRODWLRQLVUHTXLUHGWRREWDLQWKHWRWDOIOX[
,Q 6HFWLRQ  DIWHU ZH GHVFULEH RXU PHWKRGV ZH FRPSDUH WKH FRQVWUDLQWV RQ WKH WZR EHVWGHWHUPLQHG
FRVPRORJLFDO SDUDPHWHUV SURYLGHG ERWK E\ RXU ORZ UHGVKLIW VDPSOH DQG WKH ,NHEH HW DO VDPSOH 7KLV
FRPSDULVRQVKRZVWKDW WKHWZRVDPSOHVSURYLGHDOPRVW LGHQWLFDOFRQVWUDLQWVDQGWKHUHIRUHWKHFKRLFHRI
ORZUHGVKLIWVDPSOHVGRHVQRWKDYHDODUJHLPSDFWRQWKHILQDOFRVPRORJLFDOFRQVWUDLQWV
7KHVHOHFWLRQFULWHULD IRU WKH ORZUHGVKLIW VDPSOHDUH WKDW WKH WRWDO IOX[ LQ WKHNH9EDQG LVJUHDWHU
WKDQ[ HUJV FP V WKH UHGVKLIW LV OHVV WKDQ WKH WHPSHUDWXUH LVJUHDWHU WKDQNH9DQG WKH
DEVROXWH JDODFWLF ODWLWXGH LV JUHDWHU WKDQ R PLQXV D VPDOO ]RQH RI H[FOXVLRQ DURXQG WKH0DJHOODQLF
&ORXGV\LHOGLQJDVROLGDQJOHVXUYH\HGRIVU$QLPSURYHPHQWRYHU+LVWKDWDOOFOXVWHUVLQWKLV
VDPSOHQRZKDYHLQWHJUDWHGWHPSHUDWXUHPHDVXUHPHQWVGHWHUPLQHGIURP$6&$GDWD:KLWH:H
DOVRXVHG$6&$WRPHDVXUHWKHWHPSHUDWXUHVRIWKHKLJKUHGVKLIWVDPSOH
0DQ\ FOXVWHUV KDYH FRROLQJ FHQWHUV UHVXOWLQJ IURP WKH KLJK JDV GHQVLW\ WKHUH ,W LV OLNHO\ WKDW WKH JDV
WHPSHUDWXUHV XQFRQWDPLQDWHG E\ WKHVH FHQWHUV DUH D EHWWHU SUR[\ IRU WKH FOXVWHUPDVV WKH IXQGDPHQWDO
YDULDEOH LQ WKH WKHRU\ VHH  ,W LV SRVVLEOH DW ORZ UHGVKLIW WR UHPRYH WKH FRQWULEXWLRQ RI WKH FRROLQJ
FHQWHU HLWKHU E\ H[FOXGLQJ LW VSDWLDOO\ 0DUNHYLWFK  )XND]DZD HW DO  RU E\ ILWWLQJ WKH
LQWHJUDWHGVSHFWUXPZLWKDVXIILFLHQWO\FRPSOH[PRGHO$OOHQ	)DELDQ,NHEHHWDO,WKDV
RQO\ EHFRPH SRVVLEOH WR GR RQH RU WKH RWKHU RI WKHVH DW KLJK UHGVKLIWZLWK WKH DGYHQW RI&KDQGUD DQG
;001HZWRQEXWQRFRPSOHWHKLJKUHGVKLIWVDPSOH\HWKDVVXFKREVHUYDWLRQV&RQVHTXHQWO\LQRUGHU
WRFRPSDUH WKH ORZDQGKLJK UHGVKLIW VDPSOHVZHXVH WKH LQWHJUDWHG WHPSHUDWXUH IRU WKH ORZ UHGVKLIW
VDPSOHDVZHOO7KLVUHTXLUHPHQWSUHFOXGHVRXUXVHRIWKH,NHEHHWDOWHPSHUDWXUHVZKLFKDUHRQO\JLYHQ
IRUFRROFHQWHUFRUUHFWLRQV:HJLYH WKHSURSHUWLHVRI WKH ORZUHGVKLIW VDPSOH LQ7DEOH LQFOXGLQJ WKH
VHDUFKYROXPHVGHWHUPLQHGXVLQJWKHPHWKRGZHGHVFULEHLQ
+LJK5HGVKLIW6DPSOH
7KH KLJKUHGVKLIW VDPSOH FRPSULVHV WKH FOXVWHUV ZLWK ] t  IURP WKH (LQVWHLQ ([WHQGHG 0HGLXP
6HQVLWLYLW\6XUYH\(066*LRLDHWDO+HQU\HWDOKHUHDIWHU+*LRLD	/XSSLQR
KHUHDIWHU */ 6RXUFHV LQ WKH (066 DUH GHWHFWHG VHUHQGLSLWRXVO\ LQ (LQVWHLQ 2EVHUYDWRU\ ,PDJLQJ
3URSRUWLRQDO&RXQWHU,3&ILHOGVWDUJHWHGDWXQUHODWHGREMHFWV(DFKVRXUFHLQRXUVDPSOHKDGDVXIILFLHQW
QXPEHURIFRXQWVLQWKH(066c[cGHWHFWFHOOWKDWLWV±NH9EDQGIOX[ZDVPHDVXUHGDW!
VVLJQLILFDQFHDQGWKHYDOXHRIWKDWIOX[ZDVt[HUJVFPV$QDGGLWLRQDOVHOHFWLRQZDVWKDW
Gt R 7KHVH FULWHULD \LHOG WKH LQWHJUDO VN\ FRYHUDJH RU VROLG DQJOH VHDUFKHG DV D IXQFWLRQ RI
GHWHFWFHOOIOX[JLYHQLQ7DEOHRI+
7KHUHDUH(066FOXVWHUVZLWK]tLQ*/:HHOLPLQDWH06IRUWKHUHDVRQGHVFULEHGLQWKH
QRWHDGGHGWR*/VHHDOVR5HFWRUHWDODQG06DQG06EHFDXVHWKH\DUH;UD\
SRLQW VRXUFHV )XUWKHU ZH H[FOXGH 06 EHFDXVH LWV IOX[ PHDVXUHG LQ RXU $6&$ REVHUYDWLRQ LV
VXEVWDQWLDOO\EHORZWKHDERYHIOX[ OLPLW$OOEXWRI WKH UHPDLQLQJVRXUFHVKDYH526$7+5,GDWD
VKRZLQJ WKH\ DUH H[WHQGHG LH ERQD ILGH FOXVWHUV 7KRVH REMHFWV ZLWKRXW +5, GDWD DUH 06
06DQG06
:HWKHQH[DPLQHGWKHWDUJHWVLQZKRVHILHOGVWKHUHPDLQLQJVRXUFHVZHUHIRXQGWRGHWHUPLQHZKHWKHU
WKHFOXVWHUKDGWKHVDPHUHGVKLIW,IWKHUHGVKLIWVDUHWKHVDPHWKHQWKH(066VRXUFHLVQRWVHUHQGLSLWRXV
DQGVKRXOGDOVREHUHPRYHGIURPRXUVDPSOH7KLVSURFHGXUHLVQRWDVVWUDLJKWIRUZDUGDVRQHPLJKWWKLQN
&RQVLGHU 06   &O ZKLFK ZDV IRXQG LQ WKH ILHOG RI D FOXVWHU FDQGLGDWH &O
6XEVHTXHQW.HFNPXOWLREMHFWVSHFWUDOREVHUYDWLRQVRIWKHFDQGLGDWHE\'.RRVKRZHGQRFRQFHQWUDWLRQ
RIUHGVKLIWVLHWKHWDUJHWFOXVWHUGRHVQRWH[LVW,WLVKDUGWRLPDJLQHWKDW06LVDVVRFLDWHGZLWKDQ
REMHFWWKDWGRHVQRWH[LVWDQGVRZHUHWDLQLW2QWKHRWKHUKDQGWKHRYHUGHQVLW\RIJDOD[LHVWKDWSURGXFHG
WKH FDQGLGDWH FOXVWHU &O OLNHO\ RFFXUUHG EHFDXVH RI D ZDOOOLNH VWUXFWXUH LQ WKLV UHJLRQ WKDW
LQFOXGHV&O &RQQROO\ HW DO  6R LV06 WUXO\ VHUHQGLSLWRXV")RUWXQDWHO\ QR RWKHU
FDVH LV DV DPELJXRXV :H GLG ILQG WZR WDUJHWV LQYROYLQJ WKUHH DGGLWLRQDO (066 FOXVWHUV WKDW KDYH
PDWFKLQJ UHGVKLIWV 7KH WZR FOXVWHUV 06 ]    DQG 06 ]    IRUP D
VXSHUFOXVWHUZLWKWKHWDUJHW&O] .DLVHUHWDO06] ZDVIRXQG
LQWKHILHOGZKRVHWDUJHWZDV&] ,WLVLQWHUHVWLQJWKDW06ZDVWKHVRXUFHPRVW
GLVFUHSDQWZLWKUHVSHFWWRWKHWHPSHUDWXUHVHOHFWLRQIXQFWLRQLQ)LJXUHRI+7KHVHWKUHHFOXVWHUVKDYH
EHHQUHPRYHGIURPWKHVDPSOHEXWZHJLYHWKHUHVXOWVRIWKHLU$6&$REVHUYDWLRQVLQ7DEOH
1RZZHGLVFXVVWKHFDVHRI&ORULJLQDOO\GLVFRYHUHGE\WKH:$536VXUYH\(EHOLQJHWDO
7KLVFOXVWHULVDW] ,WZDVQRWLQWKH(066EHFDXVHRIDGHWDLOLQWKHZD\WKDWVXUYH\PHDVXUHG
SRVLWLRQVDQGIOX[VLJQLILFDQFHV3RVLWLRQVZHUHGHWHUPLQHGLQWKH,3&KDUGEDQGEHFDXVHWKDWEDQGKDG
WKHWLJKWHVWSRLQWVSUHDGIXQFWLRQ)OX[VLJQLILFDQFHVZHUHGHWHUPLQHGLQWKHWRWDOEDQGEHFDXVHWKDWEDQG
ZDVPRUHVHQVLWLYHFHQWHUHGDWWKHKDUGEDQGSRVLWLRQ,QWKHFDVHRI&OWKHKDUGSRVLWLRQ\LHOGVD
IOX[VLJQLILFDQFHMXVWEHORZVEXWWKHWRWDOEDQGSRVLWLRQ\LHOGVDVLJQLILFDQFHMXVWDERYHWKDWOHYHO7KLV
VRXUFH VKRXOG KDYH EHHQ LQ WKH(066 VHH(EHOLQJ HW DO  IRU D GHWDLOHG GLVFXVVLRQ+RZHYHU D
&KDQGUD REVHUYDWLRQ UHYHDOHG WKDW WKH ,3& VRXUFH LV FRQIXVHG 0DXJKDQ HW DO  7KHUH DUH WZR
FOXVWHUVDWWKHVDPHUHGVKLIWQHLWKHUPHHWLQJWKH(066FULWHULDIRUWKLVILHOG7KXVLQWKHHQGZHH[FOXGH
&OIURPRXUFRPSOHWHVDPSOHOHDYLQJWKHFOXVWHUVDWWKHWRSRI7DEOH7KHLUDYHUDJHUHGVKLIWLV

:H KDYH GHWHUPLQHG WHPSHUDWXUHV IOX[HV DQG OXPLQRVLWLHV IRU WKH (066 KLJK UHGVKLIW VDPSOH IURP
$6&$REVHUYDWLRQVXVLQJWKHSURFHGXUHGHVFULEHGLQ+:HJLYHWKHUHVXOWVLQ7DEOH%ULHIO\VSHFWUD
ZHUH H[WUDFWHG IURPc DQGc UDGLXV UHJLRQV IRU WKH*DV ,PDJLQJ6SHFWURPHWHU *,6DQG6ROLG
6WDWH ,PDJLQJ6SHFWURPHWHU 6,6 UHVSHFWLYHO\%DFNJURXQGZDV DFTXLUHG IURPDGMDFHQW UHJLRQV RI WKH
VDPHH[SRVXUH&RXQWVZHUHJURXSHGXQWLOHDFKELQFRQWDLQHGDWOHDVWFRXQWV:HILWWKHIRXUVSHFWUD
WZR IURP HDFK *,6 DQG 6,6 VLPXOWDQHRXVO\ 7KH DGMXVWDEOH SDUDPHWHUV ZHUH WKH *,6 DQG 6,6
QRUPDOL]DWLRQV WHPSHUDWXUH DEXQGDQFH DQG 6,6 K\GURJHQ FROXPQ GHQVLW\ )L[HG SDUDPHWHUVZHUH WKH
UHGVKLIWDQG*,6K\GURJHQFROXPQGHQVLW\VHW WR WKHFPYDOXH7KHWRWDOIOX[DQGOXPLQRVLW\ZHUH
GHWHUPLQHGIURPWKH*,6QRUPDOL]DWLRQDVVXPLQJWKHFOXVWHUVDUHSRLQWVRXUFHVDJRRGDSSUR[LPDWLRQIRU
FOXVWHUVDWWKHVHUHGVKLIWVREVHUYHGE\WKH*,6RQ$6&$
'LVWDQW FOXVWHUV DUH XQUHVROYHG ZLWK $6&$ REVHUYDWLRQV +HQFH WKHLU WRWDO IOX[ PD\ EH PHDVXUHG
UHODWLYHO\VWUDLJKWIRUZDUGO\ZLWKDSURFHGXUHWKDWLVLQGHSHQGHQWRIWKHREMHFW¶VUHGVKLIWPDNLQJWKHKLJK
UHGVKLIWIOX[HVPRUHFRPSDUDEOHWRWKRVHDWORZUHGVKLIW+RZHYHUEHFDXVHWKH(066IOX[HVDUHPHDVXUHG
LQWKHc[cGHWHFWFHOOVRPHPHWKRGPXVWEHXVHGWRDFFRXQWIRUWKHIOX[RXWVLGHWKHGHWHFWFHOOWR
GHWHUPLQH WKH WRWDO FOXVWHU IOX[+GHVFULEH WKLVPHWKRG LQGHWDLO:H VXPPDUL]H LW KHUHEHFDXVHZH
QHHGLW WRGHULYH WKH WHPSHUDWXUHVHOHFWLRQIXQFWLRQDQGZHFDQDVVHVV LWVYDOLGLW\ZLWKRXU$6&$GDWD
:HDVVXPHDOOFOXVWHUVKDYHWKHVDPHLQWULQVLFVXUIDFHEULJKWQHVV,U ,>UD
@
EZLWKE 
DQGFRUHUDGLXVD K0SF7KHVWDQGDUG(066SURFHGXUHLVWRLQWHJUDWHWKLVVXUIDFHEULJKWQHVV
RYHUWKHGHWHFWFHOOWRREWDLQWKHGHWHFWFHOOIOX[)GHWDQGRXWWRLQILQLW\WRREWDLQWKHWRWDOIOX[)WRW:H
GHILQHI )GHW)WRWDQGWKHVL]HFRUUHFWLRQ6& I
1RFOXVWHUH[WHQGVWRLQILQLW\VRLWZRXOGKDYHEHHQ
EHWWHU WR LQWHJUDWHRXW WR WKHYLULDO UDGLXV WRREWDLQ)WRWEXWZHZDQW WRHYDOXDWH WKHVWDQGDUGSURFHGXUH
ILUVW:HZLOOGLVFXVVWKLVLVVXHPRPHQWDULO\:LWKWKLVGHILQLWLRQILV
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ZKHUHT' LV WKH DQJXODU KDOIVL]H RI WKH GHWHFW FHOO c DQGT LV WKH DQJXODU VL]H RI WKH FOXVWHU FRUH
UDGLXV
:H VKRZ LQ )LJXUH  WKH UDWLR )WRW$6&$  )WRW(066   )WRW$6&$ I
)GHW(066{)GHW$6&$)GHW(066ZKHUHWKHWRWDORUGHWHFWFHOOIOX[HVLQWKH
±NH9EDQGDUHIURPWKH$6&$REVHUYDWLRQVKHUHRUIURPWKH(0667KHZHLJKWHGDYHUDJHRI
WKLVUDWLRLVr,IZHLQFOXGHRQO\WKHVRXUFHVQRWFRQWDPLQDWHGE\+5,SRLQWVRXUFHVZLWKLQ
WKHc UDGLXV UHJLRQRYHUZKLFK WKH$6&$FRXQWVZHUHDFFXPXODWHG WKHQ WKH UDWLR LVr
(OOLV 	 -RQHV  KDYH SHUIRUPHG WKH VDPH DQDO\VLV EXW FRPSDULQJ WKH (066 IOX[HV WR WKRVH
PHDVXUHG ZLWK WKH 526$7 363& IRU  ] t  FOXVWHUV 7KH\ ILQG )WRW526$7 
)WRW(066    r  LI WKH 526$7 FRXQWV DUH H[WUDSRODWHG WR LQILQLW\ RU  r  LI
H[WUDSRODWHG WR WKH YLULDO UDGLXV &OHDUO\ DOO WKHVH UDWLRV DUH FRQVLVWHQW ZLWK HDFK RWKHU DQG VKRZ
HPSLULFDOO\ WKDW WKH(066FRUUHFWLRQ IURPGHWHFWFHOO WR WRWDO IOX[HV LVFRUUHFWRQDYHUDJHDW WKHa
OHYHO7KH DYHUDJH VWDWLVWLFDO HUURU RQ WKH(066 IOX[ IRU WKH FOXVWHUV LQ7DEOH  LV :H WKHUHIRUH
DGRSWWKHVWDQGDUG(066VL]HFRUUHFWLRQEHFDXVHLWLVHPSLULFDOO\YHULILHGWREHFRUUHFWDWDOHYHOHTXDOWR
RUOHVVWKDQWKH(066VWDWLVWLFDOHUURUV
7KLVLVQRWWRVD\WKDWWKLVFRUUHFWLRQLVSHUIHFW1RSURFHGXUHWKDWXVHVDVLQJOH;UD\VXUIDFHEULJKWQHVV
GLVWULEXWLRQIRUDOOFOXVWHUVFDQEHVLQFHDOOFOXVWHUVDUHQRWWKHVDPH,QSDUWLFXODU(OOLV	-RQHV
ILQGWKDWWKHUHLVDWUHQGIRUWKHDERYHUDWLRWREHODUJHUIRUFOXVWHUVZLWKODUJHUFRUHUDGLL7KHVWDQGDUG
SURFHGXUHDOVRGLGQRWLQFOXGHWKH(LQVWHLQ,3&SRLQWVSUHDGIXQFWLRQZKLFKLVc):+0FRPSDUHGWR
WKHcIXOOZLGWKRIWKHGHWHFWFHOO+RZHYHUDV+DQG(OOLV	-RQHVQRWHLQFOXGLQJWKH36)
DQGRQO\H[WUDSRODWLQJWKHIOX[WRWKHYLULDOUDGLXVIRUWXLWRXVO\QHDUO\FDQFHO
,VRXUKLJKUHGVKLIW(066VDPSOHVWDWLVWLFDOO\FRPSOHWH"7KLVTXHVWLRQKDVEHHQUDLVHGUHSHDWHGO\VLQFH
WKHRULJLQDO(066SXEOLFDWLRQVSURPSWHGDWOHDVWLQSDUWE\DQLQWHUSUHWDWLRQRIWKHODFNRIKLJKUHGVKLIW
FOXVWHUV DV LQFRPSOHWHQHVV UDWKHU WKDQ HYROXWLRQ 7KH PRVW UHFHQW H[DPSOH LV E\ /HZLV (OOLQJVRQ 	
6WRFNHZKRFODLPWKDWWKH(066LVrFRPSOHWHKDYLQJ³V\VWHPDWLFDOO\PLVVHGFOXVWHUVRI
ORZ VXUIDFH EULJKWQHVV´ ,W LV GLIILFXOW WR SURYH RU GLVSURYH WKLV DVVHUWLRQ VLQFH LW DPRXQWV WR RQO\ 
PLVVLQJREMHFWVLQRXUVDPSOHRI:KLOHWKH(066ZDVWKHRQO\VDPSOHRIKLJKUHGVKLIW;UD\VHOHFWHG
FOXVWHUV DYDLODEOH IRU VRPH WLPH WKHUH DUH QRZ VHYHUDO VXFK VDPSOHV FRQVWUXFWHG IURP WKH 526$7
GDWDEDVH7KHFRQVHQVXVRIWKLVUHFHQWZRUNLVWKDWFOXVWHUVGRHYROYHDERXWDVWKH(066FODLPHGVHH
5RVDWLHWDOIRUDUHYLHZ$VDQH[DPSOHFRQVLGHUWKH0DVVLYH&OXVWHU6XUYH\0$&6(EHOLQJ
(GJH	+HQU\7KLVKLJKUHGVKLIWVDPSOHLVWKHODUJHVWWRGDWH0$&6ILQGVDQLQWHJUDOOXPLQRVLW\
IXQFWLRQ Q! HUJ V  

 [

  0SF
± DYHUDJHG RYHU WKH UHGVKLIW LQWHUYDO  ±  7KH
(066YDOXHLVr[0SF±DYHUDJHGRYHUWKHUHGVKLIWLQWHUYDO±DYHUDJH] 
DQG ERWK IRU K   :P   :/    $OWKRXJK WKLV DJUHHPHQW GRHV QRW SURYH WKDW WKH (066 LV
FRPSOHWHVXFKDJUHHPHQWRILQGHSHQGHQWVDPSOHVLVWKHXVXDOFULWHULRQIRUFRUUHFWQHVVLQDVWURQRP\
7(03(5$785(6(/(&7,21)81&7,21$1'0$;,081/,.(/,+22'),77,1*
)URP)OX[6HOHFWLRQWR7HPSHUDWXUHDQG5HGVKLIW6HOHFWLRQ
:HGHVFULEH KRZ WR GHWHUPLQH WKH WHPSHUDWXUH VHOHFWLRQ IXQFWLRQ LQ WKLV VHFWLRQ 7KHPHWKRG LVPRUH
JHQHUDO WKDQ WKDWJLYHQ LQ+DQGPD\EHXVHG IRU DQ\;UD\ IOX[ OLPLWHG VXUYH\$OO;UD\ VHOHFWHG
FOXVWHUVVRIDUFRPHIURPIOX[OLPLWHGQRWWHPSHUDWXUHOLPLWHGVXUYH\V7KDWLVWKHVROLGDQJOHVXUYH\HG
LVNQRZQDVDIXQFWLRQRIIOX[LQVRPHEDQGDQGLQVRPHGHWHFWFHOO7KHGHWHFWFHOOIOX[PD\EHFRQYHUWHG
WROXPLQRVLW\DQGUHGVKLIWLQWKHXVXDOZD\\LHOGLQJWKHVROLGDQJOHVXUYH\HGLQZKLFKDFOXVWHUZLWKWKHVH
SURSHUWLHVFRXOGKDYHEHHQGHWHFWHGWKHLQWHJUDOVROLGDQJOHLQWKHWHUPLQRORJ\RI+
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
+HUH/EROLVWKHERORPHWULFOXPLQRVLW\%)LVWKHEDQGIUDFWLRQWKDWJLYHVWKHIUDFWLRQRIWKHERORPHWULF
OXPLQRVLW\WKDWLVLQWKHHQHUJ\EDQG(WR('/LVWKHOXPLQRVLW\GLVWDQFH6&LVWKHVL]HFRUUHFWLRQWKH
UDWLRRIWKHWRWDOIOX[IURPWKHFOXVWHUWRWKHIOX[LQWKHGHWHFWFHOODQGNLVWKHNFRUUHFWLRQ:HXVHWKH
WHPSHUDWXUH IURP FOXVWHU WHPSHUDWXUH ± OXPLQRVLW\ UHODWLRQ ZKHQ GHWHUPLQLQJ WKH EDQG IUDFWLRQ DQG N
FRUUHFWLRQ:HDVVXPHDFRQVWDQWPHWULFFRUHUDGLXVZKHQGHWHUPLQLQJWKH6&EXWFRQYHUWLWWRDQDQJXODU
VL]HXVLQJ WKHFRVPRORJ\EHLQJ ILWWHG:KLOH WKH IOX[ VHOHFWLRQ IXQFWLRQ LV FRVPRORJ\ LQGHSHQGHQW WKH
VHOHFWLRQIXQFWLRQRIOXPLQRVLW\DQGUHGVKLIWLVQRW
7KHFOXVWHUWHPSHUDWXUH±OXPLQRVLW\DQGOXPLQRVLW\±WHPSHUDWXUHUHODWLRQH[KLELWVVXEVWDQWLDOVFDWWHU
HJ1RYLFNL6RUQLJDQG+HQU\,IWKHUHZHUHQRVFDWWHUWKHQZHFRXOGVLPSO\UHSODFH/EROLQ
WKHDERYHUHODWLRQZLWKDXQLTXHWHPSHUDWXUH WKHUHE\REWDLQLQJDVHOHFWLRQIXQFWLRQRI WHPSHUDWXUHDQG
UHGVKLIW%HFDXVHWKHEDQGIUDFWLRQDQGNFRUUHFWLRQDUHZHDNIXQFWLRQVRIWHPSHUDWXUHIRUWKHVPDOOUDQJH
RIWHPSHUDWXUHVFRQVLGHUHGKHUHWKHVFDWWHULQWKHWHPSHUDWXUH±OXPLQRVLW\UHODWLRQSURGXFHVDOPRVWQR
VFDWWHU IRU WKHP 7KXV WR REWDLQ :N7] ZH PXVW DYHUDJH RYHU WKH SRVVLEOH :/ERO]V DW HDFK
WHPSHUDWXUH ZHLJKWHG E\ WKH SUREDELOLW\ RI REWDLQLQJ WKHP 7KH VFDWWHU LQ /ERO DW FRQVWDQW N7 LV
*DXVVLDQLQORJ/EROZLWKGLVSHUVLRQVORJ/1RYLFNLHWDOKHQFH
> @^ `
/ORJ
/ORJ/ORJ]'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ZKHUHZHKDYHDVVXPHGWKDWWKHOXPLQRVLW\±WHPSHUDWXUHUHODWLRQLV/ERO $N7
D
>'/:P:/Z
]'/]@
7KHOXPLQRVLW\GLVWDQFHGHSHQGHQFHFRQYHUWVIURPWKH:P :/ FRVPRORJ\LQ
ZKLFK WKH $ DQG D DUH GHWHUPLQHG DQG DOVR PDNHV WKH WHPSHUDWXUH VHOHFWLRQ IXQFWLRQ FRVPRORJ\
GHSHQGHQW
7KHVSHFLILFUHODWLRQVZHXVHIRUWKHOXPLQRVLW\±WHPSHUDWXUHUHODWLRQDQGLWVLQYHUVHFRPHIURP:KLWH
-RQHV	 )RUPDQ  /ERO   [
 N7 >'/:P:/ Z ]'/   ]@
 DQG N7  
>/ERO@
>'/]'/:P:/Z]@
ZKHUH/LVWKHOXPLQRVLW\LQXQLWVRI
HUJ
V:HKDYHPRGLILHGWKHFRHIILFLHQWDQGH[SRQHQWVRIWKHODWWHUUHODWLRQIURPWKDWIRXQGE\:KLWHHWDO
E\aLQRUGHUWRPDNHWKHWZRH[DFWLQYHUVHVRIHDFKRWKHU7KHVSHFLILFYDOXHRIWKHGLVSHUVLRQ
FRPHV IURP1RYLFNLHW DO VORJ/ERO :HDVVXPH WKDW WKH OXPLQRVLW\± WHPSHUDWXUH
UHODWLRQ GRHV QRW HYROYH DV WKH GDWD LQ 1RYLFNL HW DO LQGLFDWH 9LNKOLQLQ HW DO  VKRZ WKDW WKLV
UHODWLRQGRHVHYROYHZKHQFRQVLGHULQJWHPSHUDWXUHVDQGOXPLQRVLWLHVFRUUHFWHGIRUFRROLQJFHQWHUV7KH\
ILQG/a]$VGLVFXVVHGLQ6HFWLRQLWLVQRWSRVVLEOHWRPDNHWKHVHFRUUHFWLRQVIRURXUGLVWDQW
FOXVWHUVVRWKLVUHVXOWLVQRWGLUHFWO\DSSOLFDEOH
7KHVHDUFKYROXPHFDQEHFDOFXODWHGWZRZD\V
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ZKHUH WKH OXPLQRVLW\ DQG WHPSHUDWXUH RI WKH FOXVWHU VHDUFKHG IRU DUH / DQG N7 UHVSHFWLYHO\
&RUUHVSRQGLQJO\WKHWHPSHUDWXUHIXQFWLRQPD\EHFRQVWUXFWHGXVLQJHLWKHU9VHD/RU9VHDN7,NHEH
HWDODQG0DUNHYLWFKXVHG0RQWH&DUORVLPXODWLRQVWRVKRZERWKHVWLPDWRUVDUHFRQVLVWHQW
DQGXQELDVHG7KH\UHSURGXFHWKHWUXHWHPSHUDWXUHIXQFWLRQLQWKHOLPLWRIDQLQILQLWHQXPEHURIFOXVWHUV
LQDVDPSOH)XUWKHUWKHPHDQWHPSHUDWXUHIXQFWLRQREWDLQHGIURPDQXPEHURILQGHSHQGHQWVDPSOHVZLWK
DILQLWHQXPEHURIFOXVWHUVLVDOVRHTXDOWRWKHWUXHWHPSHUDWXUHIXQFWLRQLQWKHOLPLWRIDQLQILQLWHQXPEHU
RIVDPSOHV+RZHYHUWKH9VHDN7PHWKRGJLYHVDVPDOOHUYDULDQFHDQGLVWKXVPRUHHIILFLHQW:HXVHLW
KHUH DQG VKRZ WKH UHVXOWLQJ WHPSHUDWXUH IXQFWLRQV LQ )LJXUH  :H PD\ JLYH DQ LQGLFDWLRQ RI WKH
PDJQLWXGHRIWKHGLIIHUHQFHEHWZHHQWKHWZRVHDUFKYROXPHVE\FRQVLGHULQJWKH(XFOLGHDQOLPLW,QWKDW
FDVH9VHDN79VHD/|V
ORJ/RUDHIIHFWIRUWKHVORJ/EROXVHGKHUH
0D[LPXP/LNHOLKRRG)LWWLQJ
:HJHQHUDOL]HWKHPD[LPXPOLNHOLKRRGPHWKRGRI0DUVKDOOHWDOWRWKHFDVHZKHUHWKHUHDUHHUURUV
RQWKHPHDVXUHGWHPSHUDWXUHVVN7IRU1FOXVWHUVLQWKHVDPSOHVN7PD\LQFOXGHDURRWPHDQVTXDUH
VXPFRQWULEXWLRQIURPWKHVFDWWHULQWKHPDVV±WHPSHUDWXUHUHODWLRQLIGHVLUHG
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7KLVH[SUHVVLRQUHGXFHVWRHTXDWLRQRQ+LQWKHOLPLWWKDWWKHWHPSHUDWXUHHUURUVDUHYHU\VPDOODQG
WKH VHOHFWLRQ IXQFWLRQ LV LQGHSHQGHQW RI FRVPRORJ\7KH LQWHJUDO RI WKH*DXVVLDQ GLVWULEXWLRQ LV DEVHQW
IURPWKHVHFRQGWHUPRI6EHFDXVHLWLVSRVVLEOHWRSHUIRUPLWDQDO\WLFDOO\7KHEHVWHVWLPDWHVRIWKHPRGHO
SDUDPHWHUVDUHWKHQREWDLQHGE\PLQLPL]LQJ6&RQILGHQFHUHJLRQVIRUWKHEHVWHVWLPDWHVDUHREWDLQHGE\
QRWLQJWKDW6LVGLVWULEXWHGDVFZLWKWKHQXPEHURIGHJUHHVRIIUHHGRPHTXDOWRWKHQXPEHURILQWHUHVWLQJ
SDUDPHWHUV7KHYDOXHVRI]PLQ]PD]N7PLQDQGN7PD[DUH±±NH9DQG±±
NH9IRUWKHORZDQGKLJKUHGVKLIWVDPSOHVUHVSHFWLYHO\
7+(25(7,&$/7(03(5$785()81&7,21
:HJLYHDJHQHUDOVXPPDU\RIWKHWKHRUHWLFDOWHPSHUDWXUHIXQFWLRQDQGLWVHYROXWLRQLQWKLVVHFWLRQ7KH
GHWDLOVRIYDULRXVIXQFWLRQVDQGSDUDPHWHUVIRUWKHPRGHOVXQGHUFRQVLGHUDWLRQDUHLQWKH$SSHQGL[7KH
QRWDWLRQKHUHLVVRPHZKDWPRUHFRPSDFWWKDQ+DQGVRKRSHIXOO\LVPRUHWUDQVSDUHQW:HVWDUWZLWKWKH
FRPPRYLQJPDVVIXQFWLRQRIFROODSVHGREMHFWV
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,QWKHVHH[SUHVVLRQVGFLVWKHPDVVGHQVLW\IOXFWXDWLRQUHTXLUHGIRUDVSKHULFDOSHUWXUEDWLRQWRFROODSVHDW
UHGVKLIW ] DQG' LV WKH JURZWK IDFWRU RI SHUWXUEDWLRQVZKLOH WKH\ DUH HYROYLQJ OLQHDUO\ 7KH UPVPDVV
IOXFWXDWLRQVLQVSKHUHVFRQWDLQLQJPDVV0DUHV7KHPDVVIOXFWXDWLRQSRZHUVSHFWUXP3NGHWHUPLQHV
V7KHTXDQWLW\VLVUHODWHGWRWKHQRUPDOL]DWLRQRIWKHSRZHUVSHFWUXPE\V|>3K0SF

K0SF@3HDFRFNHTXDWLRQVDQG:HDVVXPHWKDWWKHVKDSHRI3NFRPHVIURP
FROGGDUNPDWWHU6SHFLILFDOO\ZHXVHWKHDSSUR[LPDWLRQIURP.LWD\DPD	6XWRLQHTXDWLRQ
:LWK WKLV DSSUR[LPDWLRQ S    P    K0*
K P    :P*
K ZLWK
@KH[S>.7K PE

P ::: *

 DQG 0 WKH FOXVWHU PDVV LQ XQLWV RI 
 0N
$GRSWLQJ DPLFURZDYH EDFNJURXQG WHPSHUDWXUH RI 7   r  0DWKHU HW DO  D EDU\RQ
GHQVLW\RI:E rDQGK rIURPWKHVWDQGDUGFRVPRORJLFDOPRGHO6SHUJHOHWDO
 \LHOGV P

P K0@H[S>P ::  DQG
@H[S>P P

P :: 7KHHUURUVRQ7:EDQGK\LHOGDrHUURURQWKH
FRHIILFLHQWVRIPDQGPGRPLQDWHGE\WKHHUURUVRQK,WPLJKWEHZRUWKZKLOHPDUJLQDOL]LQJRYHUKLILWV
HUURUUDQJHLQGXFHGODUJHFKDQJHVLQWKHWKHRUHWLFDOWHPSHUDWXUHIXQFWLRQ+RZHYHUWKHUHLVQRFKDQJHLQ
QIURPHTXDWLRQEHFDXVHRIWKHVDPHGHSHQGHQFHLQERWKQXPHUDWRUDQGGHQRPLQDWRU7KHFKDQJHRQ
WKHWHPSHUDWXUHIXQFWLRQQRUPDOL]DWLRQIURPSURSDJDWLQJWKHHUURUVRQWKHVHWKUHHTXDQWLWLHVLQHTXDWLRQ
EHORZ LVRQO\rPXFK OHVV WKDQ WKH3RLVVRQHUURU IURPRXU VDPSOHRIREMHFWV([SUHVVHG
DQRWKHU ZD\ WKH ODUJHVW FKDQJHV LQ WKH WHPSHUDWXUH IXQFWLRQ DUH FDXVHG E\ FKDQJHV LQ WKH ILWWLQJ
SDUDPHWHUV QRW WKRVH WKDWZH DVVXPH DV JLYHQ7KXVZHGRQRWPDUJLQDOL]H RYHU WKH WKUHH SDUDPHWHUV
ZKRVHYDOXHVFRPHIURPWKHVWDQGDUGPRGHO
7ZRRIWHQXVHGPDVVIXQFWLRQVDUH
H

I Q
S
 Q      
 HI QQ Q   
7KHILUVWH[SUHVVLRQDERYHLVIURP3UHVV	6FKHFKWHU7KHVHFRQGFRPHVIURP6KHWK	7RUPDQ
677KHPDLQGLIIHUHQFHIRURXUSXUSRVHVLV67KDVPRUHKLJKPDVVFOXVWHUV,WSURYLGHVDEHWWHU
PDWFKWR1ERG\VLPXODWLRQVHJ-HQNLQVHWDO-HQNLQVHWDOJLYHDILWWLQJIXQFWLRQWKDW
GHVFULEHV WKHLU VLPXODWLRQV VOLJKWO\ EHWWHU WKDQ 67 EXW SUHVXPDEO\ GLIIHUHQW VLPXODWLRQV ZLOO KDYH
GLIIHUHQWILWWLQJIXQFWLRQV)RUWKLVUHDVRQZHXVH67DVRXUSUHIHUUHGPDVVIXQFWLRQ
$PDVV±WHPSHUDWXUHUHODWLRQLVQHHGHGLQRUGHUWRFRQYHUWWKHPDVVIXQFWLRQWRDWHPSHUDWXUHIXQFWLRQ
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+HUH' LV WKH UDWLR RI WKH FOXVWHU¶V DYHUDJH GHQVLW\ WR WKDW RI WKH EDFNJURXQGPDVV GHQVLW\ ]Y LV WKH
UHGVKLIW DWZKLFK WKH FOXVWHUYLULDOL]HG DQGE70 LV DPRGLILFDWLRQ IDFWRU DFFRXQWLQJ IRUGHSDUWXUHV IURP
YLULDOHTXLOLEULXP1RWHWKDWVRPHDXWKRUVXVH'FWKHGHQVLW\UDWLRZLWKUHVSHFWWRWKHFULWLFDOGHQVLW\WKH
UHODWLRQEHWZHHQWKHWZRGHQVLW\UDWLRVLV'F :P'
7KHUHKDVEHHQFRQVLGHUDEOHGLVFXVVLRQRIWKHUHOLDELOLW\RIWKLVPDVVWHPSHUDWXUHUHODWLRQ9LNKOLQLQHW
DO  ILQG WKDW WKH JDV PDVV  WHPSHUDWXUH UHODWLRQ GRHV QRW HYROYH DV HTXDWLRQ  +RZHYHU
HTXDWLRQLVIRUWKHWRWDOPDVVQRWWKHJDVPDVVVRWKLVILQGLQJLVQRWGLUHFWO\UHOHYDQWKHUH,WZRXOG
EH UHOHYDQW LI WKH JDVPDVV IUDFWLRQ RI WKH WRWDOPDVVZHUH WKH VDPH IRU DOO FOXVWHUV DW DOO WLPHV 7KLV
DVVXPSWLRQ LV NQRZQ QRW WR EH WUXH DW ORZ UHGVKLIW 7KH EDU\RQ IUDFWLRQ QHDUO\ WKH VDPH DV WKH JDV
IUDFWLRQLVORZHUIRUFOXVWHUVZLWKWHPSHUDWXUHVOHVVWKDQNH9/LQHWDO7KHYDOXHRIE70LVDOVR
XQFHUWDLQ:HFROOHFWYDULRXVGHWHUPLQDWLRQVRILWLQ7DEOHZKLFKLVDQXSGDWHWR7DEOHRI+:H
RQO\ LQFOXGH VLPXODWLRQV WKDW FRUUHODWH WKH HPLVVLRQZHLJKWHG WHPSHUDWXUH EHFDXVH WKDW LV ZKDW LV
REVHUYHG DJDLQVW WKH YLULDOPDVV ,W DSSHDUV WKDW WKHUH LV UHDVRQDEOH DJUHHPHQW DPRQJ WKH VLPXODWLRQV
H[FHSWWKDW%U\DQ	1RUPDQUHIHUHQFHVHHPVRPHZKDWKLJK([FOXGLQJUHIHUHQFHWKHDYHUDJH
RIWKHUHPDLQLQJVLPXODWLRQVLVE70 rFRQILGHQFHHUURURQWKHPHDQ7KHODVWILYHURZV
RI7DEOHDUHHPSLULFDOGHWHUPLQDWLRQVDFRQVLGHUDEOHLQFUHDVHRYHU+$OOHQHWDOUHIHUHQFH
GLGQRWFDOFXODWHDE70:HGHWHUPLQHGDYDOXHE\FRPELQLQJWKHPDVVRIDOOREMHFWVLQWKHLUVDPSOH
ZLWK$6&$WHPSHUDWXUHVIURP+RUQHU:HH[FOXGHG$$DQG$EHFDXVHWKH\GRQRW
KDYH$6&$ WHPSHUDWXUHV7KH HUURUZHLJKWHG DYHUDJHRI WKH ODVW WKUHH URZV LQ7DEOH LV r 
FRQILGHQFHHUURURQ WKHPHDQ:HKDYHH[FOXGHGIURPWKHDYHUDJH WKHUHVXOWVIURP+MRUWKHWDO
EHFDXVHWKH\UHTXLUHDUDWKHUODUJHH[WUDSRODWLRQWRWKHYLULDOUDGLXVDQGIURP+RUQHUHWDO
EHFDXVHDOOEXWRQHREMHFWLQWKHLUVDPSOHLVFRQWDLQHGLQWKHODUJHUVDPSOHRI)LQRJXHQRYHWDO
:HZLOOFRPSDUH UHVXOWVXVLQJ WKHDYHUDJHHPSLULFDOE70ZLWK WKHDYHUDJHE70 IURPWKHVLPXODWLRQV LQ
RUGHU WR VKRZ WKH HIIHFWV RI WKLV XQFHUWDLQW\ZKHQ WKH HIIHFW DUH ODUJH+RZHYHU DV UHFRPPHQGHG E\
3LHUSDROLHWDORXUEDVHOLQHUHVXOWVDUHREWDLQHGE\PDUJLQDOL]LQJWKLVXQFHUWDLQSDUDPHWHUZKLFK
ZHGRRYHUWKHUDQJHE70 ±DVVXPHGXQLIRUPO\GLVWULEXWHG
)URPWKHGLVFXVVLRQLQDQGKHUHZHVHHWKDWWKHUHDUHVRPHXQFHUWDLQWLHVLQWZRNH\LQJUHGLHQWVRI
RXU DQDO\VLV WKH OXPLQRVLW\ ± WHPSHUDWXUH DQG PDVV ± WHPSHUDWXUH UHODWLRQV :H KDYH DGRSWHG WKH
VLPSOHVW IRUP IRU WKHVH UHODWLRQVDSSOLFDEOH WRRXUFDVH WKDW LVQRWGHILQLWHO\ UXOHGRXWE\REVHUYDWLRQV
+RZHYHUZHQHHG WREHPLQGIXO WKDW WKHVH UHODWLRQVPD\QHHG UHYLVLRQZKHQEHWWHU GDWD DUH DYDLODEOH
,QGHHGGHYLDWLRQV IURPFOXVWHUVFDOLQJUHODWLRQVPD\SURYLGHFRVPRORJLFDO LQIRUPDWLRQDVZHOO 9HUGH
+DLPDQ	6SHUJHO
:HGHULYHWKHWHPSHUDWXUHIXQFWLRQXVLQJWKHFKDLQUXOH
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ZKHUHZHKDYHXVHGWRFRQYHUWQ0WRQN77KHFRHIILFLHQWRIWKHHTXDWLRQLQ+DQDORJRXVWR
KHUHVKRXOGKDYHEHHQPRUHJHQHUDO LH[E707KHYDOXHRIE70XVHG LQ+ WKHQ
\LHOGVWKHFRHIILFLHQWLQ+
,Q HTXDWLRQ  ZH XVH WKH ODWH ± FROODSVH DSSUR[LPDWLRQ ZKHUHE\ WKH YLULDOL]DWLRQ HSRFK HTXDOV WKH
HSRFK RI REVHUYDWLRQ 7KHUH KDV DOVR EHHQ PXFK GLVFXVVLRQ RI WKH DFFXUDF\ RI WKLV DSSUR[LPDWLRQ
0DWKLHVHQSHUIRUPHGK\GURG\QDPLFDOVLPXODWLRQVRIFOXVWHUVHDFK LPDJHGDW WLPHV LQ LWV
KLVWRU\+HIRXQGQRHYLGHQFHIRUDUHODWLRQVKLSEHWZHHQSUHVHQWFOXVWHUWHPSHUDWXUHDQGIRUPDWLRQHSRFK
IRUWKRVHFOXVWHUVWKDWDFTXLUHGSHUFHQWRIWKHLUILQDOPDVVVLQFH] EHFDXVHDFOXVWHU¶VWHPSHUDWXUH
FRQWLQXDOO\ LQFUHDVHV DV LW DFFUHWHV PDVV +H FRQFOXGHV WKDW WKH IRUPDWLRQ HSRFK LV QRW DQ LPSRUWDQW
YDULDEOHLQWKHDQDO\VLVRIFOXVWHUWHPSHUDWXUHIXQFWLRQV(QRNL7DNDKDUD	)XMLWDGUDZWKHVDPH
FRQFOXVLRQ7KH\QRWHWKDWWKHYLULDOWHPSHUDWXUHLV7Ya0YUYaUY
0Y
ZKHUHDOOTXDQWLWLHVKDYHWKHLU
XVXDOPHDQLQJVDQGWKHHYROXWLRQRI WKHPDVVDQGGHQVLW\JRLQWKHRSSRVLWHGLUHFWLRQVWKXVWHQGLQJWR
FDQFHO3LHUSDROL6FRWW	:KLWHQRWHWKDWGHWHUPLQLQJE70IURPDVDPSOHRIFOXVWHUVDVZHKDYH
GRQHHLWKHULQVLPXODWLRQVRULQWKHUHDOXQLYHUVHDOUHDG\LQFOXGHVWKHHIIHFWVRIWKHIRUPDWLRQUHGVKLIW
([SOLFLWO\DFFRXQWLQJIRULWDVZHOOZRXOGEHGRXEOHFRXQWLQJ
0($685,1*&2602/2*,&$/3$5$0(7(56
0XFK RI WKH SUHYLRXV ZRUN WKDW XVHG FOXVWHU HYROXWLRQ WR FRQVWUDLQ FRVPRORJ\ IRFXVHG RQ WZR
FRVPRORJLFDOPRGHOV7KHVHZHUH DQRSHQXQLYHUVH :/   RU D IODW XQLYHUVH :P :/  2XU
IRUPXODWLRQRIWKHVHPRGHOVKDGWKUHHIUHHSDUDPHWHUV:PDQGWZRSDUDPHWHUVVSHFLI\LQJWKHVKDSHDQG
DPSOLWXGHRIWKHPDWWHUIOXFWXDWLRQSRZHUVSHFWUXPQDQGV,QWKLVSDSHUZHXVHWKHVKDSHSDUDPHWHU*
ZKLFKLVDIXQFWLRQRI:PDQGRWKHUFRVPRORJLFDOSDUDPHWHUV:HDGRSWWKHVWDQGDUGPRGHOYDOXHVIRU
WKHRWKHUSDUDPHWHUVDVGHVFULEHGLQ6HFWLRQ7KHXQFHUWDLQWLHV LQWKHVHRWKHUSDUDPHWHUVSURSDJDWHWR
VPDOOHUXQFHUWDLQWLHVLQWKHSDUDPHWHUVRILQWHUHVWWKDQWKHVWDWLVWLFDOHUURUVIURPWKHVDPSOHVL]HRUWKRVH
IURPE707KXVLQRXUQHZIRUPXODWLRQWKHPRGHOVILWWHGSUHYLRXVO\KDGSDUDPHWHUVRILQWHUHVW
:HFRQVLGHUWZRPRGHOVLQWKLVSDSHUWKDWDUHPRUHJHQHUDOERWKZLWKWKUHHLQWHUHVWLQJSDUDPHWHUV7KH
ILUVW KDV DQ DUELWUDU\ PDWWHU GHQVLW\ DQG FRVPRORJLFDO FRQVWDQW ZLWK:/ WKH QHZ SDUDPHWHU ,W KDV
EHFRPH SRVVLEOH WR FRQVWUDLQ WKLV PRGHO EHFDXVH 3LHUSDROL HW DO  UHFHQWO\ GHULYHG WKH FOXVWHU
DYHUDJHGHQVLW\'IRULW7KHVHFRQGPRGHOJHQHUDOL]HVWKHGDUNHQHUJ\LQDIODWXQLYHUVHE\LQWURGXFLQJ
DQHTXDWLRQRIVWDWHIRUWKLVFRPSRQHQWZLWKWKLUGSDUDPHWHUZ3 ZUF:DQJ	6WHLQKDUGW,I
Z WKHGDUNHQHUJ\LVWKHFRVPRORJLFDOFRQVWDQWLI±ZLWLVWHUPHGTXLQWHVVHQFH5HFDOOWKDW
DQHTXDWLRQRI VWDWHZLWKZ FRUUHVSRQGV WRFROGGDUNPDWWHUDQGZ  LV UDGLDWLRQ:HJLYH WKH
GHWDLOV RI WKHVH WZR PRGHOV LQ WKH $SSHQGL[ 7KH VKDSH RI WKH PDWWHU IOXFWXDWLRQ SRZHU VSHFWUXP DW
FOXVWHU VFDOHV LV WKHVDPHIRUERWKRI WKHVHPRGHOV 0DHWDO7RVXPPDUL]HHDFKPRGHOKDV
LQWHUHVWLQJ SDUDPHWHUV SOXV WKH QRUPDOL]DWLRQ RI WKH PDVVWHPSHUDWXUH UHODWLRQ ZKLFK ZH PDUJLQDOL]H
RYHUWKHUDQJH±DVVXPHGXQLIRUPO\GLVWULEXWHG
:HILWWKHWHPSHUDWXUHDQGUHGVKLIWSDLUVLQ7DEOHVDQGWRWKHVHPRGHOVXVLQJWKHPD[LPXPOLNHOLKRRG
SURFHGXUHRI7KHSDUDPHWHUVSDFHZHH[SORUHLV:P :/ V 
  DQG:P     Z     V     ZKHUH WKH QRWDWLRQ LV
PLQLPXPYDOXHVWHSVL]HPD[LPXPYDOXH$WRWDORIFDVHVDUHHYDOXDWHGIRUHDFKRIWKHJHQHUDO
DQGWKHTXLQWHVVHQFHPRGHOVIRUHDFKYDOXHRIE707KLVUDQJHRISDUDPHWHUVLVDSULRUWKDWZHLPSRVH
/RZ5HGVKLIW6DPSOH&RPSDULVRQ
,Q)LJXUHZHFRPSDUHWKHFRQVWUDLQWVRQVDQG:PWKHWZREHVWGHWHUPLQHGSDUDPHWHUVXVLQJWKHN7
tNH9ORZUHGVKLIWVDPSOHRI,NHEHHWDODQDO\]HGZLWKWKHLUPHWKRGDQGXVLQJRXUORZUHGVKLIW
VDPSOHDQDO\]HGZLWKRXUPHWKRGEXWXVLQJWKHVDPHYDOXHRIE70XVHGE\,NHEHHWDO7KHFXWRII
LQRXUPHWKRGIRU:P LVEHFDXVH3LHUSDROLHWDO GLGQRWGHULYH' IRU WKDW UDQJH7KHUH LV
YHU\JRRGDJUHHPHQW)LJXUHDOVRVKRZVDFRPSDULVRQRI WKHFRQVWUDLQWVSURYLGHGE\ WKH ,NHEHHWDO
VDPSOH DV GHWHUPLQHG E\ RXU PHWKRG DQG WKHLU PHWKRG DJDLQ ZLWK YHU\ JRRG DJUHHPHQW 7KHVH
FRPSDULVRQV GHPRQVWUDWH WKDW WKH FKRLFH RI ORZUHGVKLIW VDPSOH RU WKH DQDO\VLVPHWKRG GR QRW KDYH D
ODUJH LPSDFW RQ WKH ILQDO FRVPRORJLFDO FRQVWUDLQWV 7KLV UHVXOW OLNHO\ RFFXUV EHFDXVH WKH ORZ UHGVKLIW
WHPSHUDWXUHIXQFWLRQVFRQVWUXFWHGIURPRXUVDPSOHDQGWKDWRI,NHEHHWDODUHQHDUO\LGHQWLFDODVVKRZQ
LQ)LJXUHRI,NHEHHWDO
5HVXOWV1RW*UHDWO\'HSHQGHQWRQE70
7KHUHDUHVRPHFRPELQDWLRQVRIFRVPRORJLFDOSDUDPHWHUVZKRVHFRQVWUDLQWVIURPRXUGDWDGRQRWGHSHQG
JUHDWO\ RQ E70 7KDW LV ERWK WKH EHVW ILW YDOXHV DQG HUURU FRQWRXUV KDUGO\ FKDQJH ZLWK WKH PDVV
WHPSHUDWXUHUHODWLRQQRUPDOL]DWLRQ7KHXQFHUWDLQWLHVIRUWKHVHSDUDPHWHUVGRQRWGHSHQGRQWKHGHWDLOVRI
WKHPDUJLQDOL]DWLRQSURFHVVRYHUE70
)RUWKHJHQHUDOFRVPRORJ\PRGHOWKHEHVWILWSDUDPHWHUVDUH:/ :P DQGV )LJXUH
VKRZVWKHDQGFRQILGHQFHFRQVWUDLQWVIRUWZRLQWHUHVWLQJSDUDPHWHUVLQWKH:/:PSODQH
$QDQDO\VLVWKDWDVVXPHVWKDWWKHFOXVWHUEDU\RQIUDFWLRQLVWKHVDPHIRUDOOFOXVWHUVDQGGRHVQRWHYROYH
\LHOGVVLPLODUFRQVWUDLQWV$OOHQ6FKPLGW	)DELDQ(WWRUL7R]]L	5RVDWL9LNKOLQLQHWDO
D:HDOVRVKRZLQ)LJXUHWKHVDPHFRQILGHQFHOHYHOFRQVWUDLQWVIURPWKH61,D+XEEOHGLDJUDP
7RQU\ HW DO  DQG IURP WKH FRVPLF PLFURZDYH EDFNJURXQG 6SHUJHO HW DO  7KH FOXVWHU
FRQVWUDLQWVDUHDEDQGLQWKLVSODQHRIGLIIHUHQWRULHQWDWLRQWRWKHODWWHU WZR$OO WKUHHEDQGVLQWHUVHFWDW
DSSUR[LPDWHO\WKHVDPHSRLQWLQWKHSODQH:P :/ LVFRQVLVWHQWZLWKFOXVWHUDQGPLFURZDYH
EDFNJURXQGDWWKHaVOHYHODQGVXSHUQRYDHGDWDDWWKHaVOHYHO
)RU WKHTXLQWHVVHQFHPRGHO WKHEHVWILWSDUDPHWHUV DUHZ  :P DQGV )LJXUH
VKRZVWKHDQGFRQILGHQFHFRQVWUDLQWVIRUWZRLQWHUHVWLQJSDUDPHWHUVLQWKHZ:PSODQH7KH
FOXVWHUFRQVWUDLQWVDUHYHU\VLPLODUWRWKHODUJHVFDOHVWUXFWXUHUHVXOWVLQ)LJXUHRI3HUOPXWWHU7XUQHU	
:KLWH&RQVLGHULQJRQO\DVLQJOHLQWHUHVWLQJSDUDPHWHUZLVGLIIHUHQWIURP±DWFRQILGHQFH
)LJXUHVKRZVWKHVFRQVWUDLQWVSURYLGHGE\RXUFOXVWHUV5()/(;ORZUHGVKLIWFOXVWHUV6FKXHFNHUHW
DOEVXSHUQRYDH7XUQHU	5HLVV&0%6SHUJHOHWDODQGJUDYLWDWLRQDOOHQVLQJRI
UDGLR VRXUFHV &KDH HW DO 7KH HYROXWLRQ RI WKH FOXVWHU JDVPDVV DVVXPLQJ WKH EDU\RQ IUDFWLRQ
GRHVQRWFKDQJH\LHOGVVLPLODUFRQVWUDLQWV9LNKOLQLQHWDOEFG$OOUHVXOWVDUHFRQVLVWHQWZLWKZ
 DQG:P 
5HVXOWV'HSHQGHQWRQE70
&OXVWHU QXPEHU GHQVLW\ HYROXWLRQ FDQ SURYLGH WLJKW VWDWLVWLFDO FRQVWUDLQWV RQ WKH QRUPDOL]DWLRQ RI WKH
SRZHU VSHFWUXP V &RQYHUVHO\ V\VWHPDWLF HIIHFWV EHFRPH LPSRUWDQW DV ZHOO 7KLV LV DQ XQIRUWXQDWH
VLWXDWLRQVLQFHWKHILQDOHUURUEDUVRQVGHSHQGRQWKHGHWDLOVRIWKHPDUJLQDOL]DWLRQRYHUXQLQWHUHVWLQJ
SDUDPHWHUV
:HVKRZLQ)LJXUHWKHDQGFRQILGHQFHFRQVWUDLQWVRQVYV:PIRULQWHUHVWLQJSDUDPHWHUV
IRU WKHDYHUDJHE70 IURPHPSLULFDOGHWHUPLQDWLRQV DQG IURPK\GURG\QDPLFDO VLPXODWLRQV 
:HDOVR VKRZ WKHDQGFRQILGHQFH VWDQGDUGPRGHO YDOXHV7KLV ILJXUH VKRZV FOHDUO\ WKDW WKH
VWDWLVWLFDOHUURUVRQVDUHPXFKVPDOOHUWKDQWKHV\VWHPDWLFXQFHUWDLQWLHVRQE707KHILJXUHDOVRVKRZV
WKDWWKLVLVQRW\HWWKHFDVHIRU:P
,Q)LJXUHZHFRPSDUHWKHFOXVWHUFRQVWUDLQWVRQVDQG:PZLWKWKRVHIURPRWKHUGDWDVHWV:HVKRZ
WKHFRQILGHQFHFRQVWUDLQWVIURPWKH&0%%ULGOHHWDOWKHFRQILGHQFHFRQWRXUZDVQRW
JLYHQ7KHFOXVWHUFRQVWUDLQWVDJUHHZLWKWKRVHIURPWKH&0%DWaVVKRZLQJWKDWWKHIOXFWXDWLRQLQWKH
&0% UHDOO\ GR JURZ WR IRUP WKH FOXVWHUV VHHQ WRGD\ :H DOVR VKRZ LQ )LJXUH  WKH  DQG 
FRQILGHQFHFRQVWUDLQWV IURP WKHDQDO\VLVRIFRVPLF VKHDU IURPZHDN OHQVLQJ )LJXUHD IURP+RHNVWUD
<HH 	 *ODGGHUV :H XVH WKLV OHQVLQJ DQDO\VLV EHFDXVH LW LV WKH PHDQ RI VHYHQ VXFK DQDO\VHV
VXPPDUL]HGE\3LHUSDROLHWDODQGLWUHSRUWVWKHUHVXOWVREWDLQHGZLWKYHU\ZHDNSULRUV7KHYDOXHV
:P V DUHFRQVLVWHQWZLWKDOOWKUHHDWWKHaVOHYHO7KHV:PFRQVWUDLQWVIURPFOXVWHUV
IRUWKHTXLQWHVVHQFHPRGHODUHYLUWXDOO\WKHVDPHDVWKRVHVKRZQLQ)LJXUH
6HYHUDODXWKRUV 9RLW:X3LHUSDROLHWDO9LDQDHWDOKDYHQRWHG WKH
VWURQJGHSHQGHQFHRIFRVPRORJLFDOFRQVWUDLQWVIURPFOXVWHUHYROXWLRQRQWKHPDVV±WHPSHUDWXUHUHODWLRQ
QRUPDOL]DWLRQ:H KDYH FROOHFWHG LQ 7DEOH  WKH PRVW UHFHQW GHWHUPLQDWLRQV RIV XVLQJ FOXVWHUV DQG
SORWWHGWKHPDJDLQVWE70LQ)LJXUH7KHUHLVLQGHHGDFRUUHODWLRQEHWZHHQWKHVHWZRSDUDPHWHUVWKDWLV
VLJQLILFDQW DW WKH  FRQILGHQFH OHYHO 7KH EHVW ILWWLQJ OLQHDU UHJUHVVLRQ WR WKH XQZHLJKWHG GDWD LV
V E700XFKRIWKHVFDWWHULQWKHUHSRUWHGYDOXHVRIVLVGXHVLPSO\WRGLIIHUHQFHVLQ
E70 9LDQD HW DO  JLYH D UHODWLRQ EHWZHHQV DQG WKH QRUPDOL]DWLRQ RI WKH PDVV  WHPSHUDWXUH
UHODWLRQWKHLUHTXDWLRQ&RQYHUWLQJWKLVUHODWLRQWRRXUQRWDWLRQ\LHOGVV 

70E ZKLFK
SURYLGHVDUHDVRQDEOHGHVFULSWLRQRIWKHGDWDLQ)LJXUHDOWKRXJKSHUKDSVVRPHZKDWKLJK
7KLVXQFHUWDLQW\LQWKHYDOXHRIWKHPDVV±WHPSHUDWXUHUHODWLRQQRUPDOL]DWLRQLVWKHPRVWSUHVVLQJLVVXH
WKZDUWLQJ SUHFLVLRQ FRVPRORJ\ XVLQJ FOXVWHU OXPLQRVLW\ RU WHPSHUDWXUH HYROXWLRQ DW OHDVW IRU
PHDVXUHPHQWV RIV 7KH XQFHUWDLQW\ WUDQVODWHV WR DV XQFHUWDLQW\ RIr ,I ZHZHUH WR DGRSW WKH
VWDQGDUGPRGHO YDOXHV IRUV WKHQ ZH FRXOG GHWHUPLQHE70 XVLQJ WKH OLQHDU UHJUHVVLRQ UHODWLRQ JLYHQ
DERYH2IFRXUVHFOXVWHUGDWDZRXOGWKHQQRWWHVWWKHVWDQGDUGPRGHO8VLQJWKLVSURFHGXUHZHILQGWKH
VWDQGDUG PRGHO YDOXH RI V    LPSOLHV E70    7KLV YDOXH LV FORVH WR WKRVH GHWHUPLQHG
WKURXJKVLPXODWLRQV
7KLVSDSHUKDVEHQHILWHGIURPGLVFXVVLRQVZLWK+%|KULQJHU6%ULGOHDQG<,NHEH,WKDQN<6XWRIRU
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